ABSTRACT A dominant mutation, Sergeant (Sr 2 ), which affects expression of a third stripe on the abdomen of the Mediterranean fruit ßy, Ceratitis capitata (Wiedemann), was recently isolated and the results of an extended genetic analysis are reported here. In addition, Þeld cage data are presented on the mating competitiveness of strains carrying this mutation, including a genetic sexing strain (GSS). The incorporation of a phenotypic marker, such as Sr 2 , in a Mediterranean fruit ßy GSS would complement, and could replace, the use of ßuorescent dye for monitoring sterile insect technique programs and increase program efÞciency by improving sterile and wild ßy identiÞcation procedures. The mutation is homozygous lethal, and it is located on chromosome 5 at position 78B and 60D on the salivary and trichogen polytene maps, respectively. The development of the Sr 2 GSS is described here, together with data on Þtness and penetrance of the mutation. The Þeld-cage results demonstrated 1) random mating between males and females of laboratory strains carrying or lacking Sr 2
, in a Mediterranean fruit ßy GSS would complement, and could replace, the use of ßuorescent dye for monitoring sterile insect technique programs and increase program efÞciency by improving sterile and wild ßy identiÞcation procedures. The mutation is homozygous lethal, and it is located on chromosome 5 at position 78B and 60D on the salivary and trichogen polytene maps, respectively. The development of the Sr 2 GSS is described here, together with data on Þtness and penetrance of the mutation. The Þeld-cage results demonstrated 1) random mating between males and females of laboratory strains carrying or lacking Sr 2 , 2) comparable sexual compatibility of Sr 2 and non-Sr 2 GSS with two wild populations, and 3) comparable mating competitiveness of males from Sr 2 and non-Sr 2 GSS with wild males. From these results, no signiÞcant effects of the mutation on the sexual competitiveness of strains carrying Sr 2 were detectable. The Þndings of this study point to a satisfactory overall genetic as well as mating behavior proÞle of Mediterranean fruit ßy strains carrying the Sr 2 mutation and clearly warrant further evaluation of this mutation in Mediterranean fruit ßy GSS.
KEY WORDS Mediterranean fruit ßy, genetic marker, Þeld cage THE MEDITERRANEAN FRUIT FLY, Ceratitis capitata (Wiedemann), continues to be one of the most destructive pests of fruit and vegetables throughout the world. Recognized as an efÞcient, target-speciÞc, and environmentally benign pest control method, the sterile insect technique (SIT) is now operational against C. capitata in large-scale programs in many regions of the world (Tan 2000) . Recently, the use of genetic sexing strains (GSS), allowing the release of only males, has constituted a major improvement in the efÞciency of this technique (Robinson et al. 1999) .
Evaluation of all Mediterranean fruit ßy SIT programs currently relies on the use of ßuorescent dye to discriminate released sterile ßies from wild ßies in population samples captured in Þeld monitoring traps. Enkerlin et al. (1996) , providing a detailed account of the procedures involved in this marking system, strongly underlined the inadequacies of UV-lampbased trap catch evaluation. Other drawbacks of dye marking include health concerns in the production facility, high cost, and it is labor-intensive. More accurate technologies for ßy marking and trap catch evaluation are thus of great importance in monitoring SIT program implementation, particularly when considering that misclassiÞcation of a small number of released ßies as wild ßies can initiate unnecessary eradication programs in declared pest-free areas. The development of a phenotypic marker by which released sterile males could very easily be distinguished from wild ßies, would, as a replacement of the external marker dye, clearly have an immediate positive impact on the efÞciency of Mediterranean fruit ßy SIT programs.
The dominant, homozygous lethal mutation Sergeant, Sr 2 , was recovered after an electron microscopy (EMS) screen (Gourzi et al. 2000) . It produces three white stripes on the abdomen, compared with two normally found in the wild type (Fig. 1) . This mutation was used to mark the FiM1 balancer on chromosome Þve in Mediterranean fruit ßy (Gourzi et al. 2000) . Another mutation with the same phenotype, Sr on the genetics of Sr 2 , and it describes the mating competitiveness of strains carrying this mutation, including a GSS, in Þeld-cage tests. These tests are now accepted as an integral and essential component of quality control procedures for mass-reared ßies (IAEA/FAO/APHIS 1999). Due to the speciÞc location of Sr 2 on chromosome 5, it also can be used to improve the level of security of the Þlter rearing system (Fisher and Caceres 2000) in maintaining the integrity of GSS . The data presented warrant further evaluation of this mutation as a replacement for ßuorescent dye in Mediterranean fruit ßy SIT programs.
Materials and Methods
Strains. The following wild and laboratory Mediterranean fruit ßy strains were used in the study. . The mutation was induced by EMS treatment (Gourzi et al. 2000) . It is dominant and lethal in a homozygous condition. Therefore, it has to be maintained as a heterozygote, i.e., each generation of ßies with Sr 2 phenotype has to be selected to set up the next generation. 5. . This translocation has an autosomal breakpoint at 58B and the Y chromosome breakpoint is on the long arm, close to the centromere (Willhoeft and Franz 1996) . This results in the appearance of female ßies produced from adjacent-1 segregation at a rate of roughly 0.5% per generation (Franz 2002 (Gourzi et al. 2000) were irradiated in two separate experiments either with 40 or 50 Gy of gamma-rays from a 60 Co source. Irradiated males were crossed with w wp Sr 2ϩ females and Ϸ6,000 F1 ßies were screened for males with a Sr 2ϩ phenotype, i.e., two abdominal stripes. In the experiment where 50 Gy was used, two such males were detected and lines established.
Cytology. Polytene chromosomes from trichogen cells (TCs) and salivary glands (SGs) were obtained according to Bedo (1986) and Zacharopoulou (1987) , respectively. The chromosome maps for TCs (Bedo 1987) and SGs (Zacharopoulou 1990 ) were used to identify the breakpoints and deletions.
Rearing. The laboratory strains used in the genetic analysis were reared under routine laboratory conditions . The wild-type strains used in the Þeld cage tests were maintained on fruit and the two genetic sexing strains were reared in the mass rearing facility at Seibersdorf, Austria (Caceres 2002) . Nonirradiated ßies were used for all tests.
Field Cage Tests. Fly Handling. Pupae from strains to be tested were placed in separate ventilated cylindrical Plexiglas cages (20 cm in diameter by 40 cm in height) until eclosion. For the wild populations, ßies were sexed within 24 h of emergence, and the females kept in a separate room, to avoid exposure to the male-produced pheromone before the tests. For GSS, sexing was carried out at the pupal stage. The ßies were kept at Ϸ23ЊC and 70% RH and provided with water and food (3:1 mixture of sugar and hydrolyzed yeast). At least 24 h before the test, healthy ßies were selected and transferred to ventilated plastic holding containers (17 by 9 by 12 cm) suitable for release into the Þeld cage, in batches of 30 ßies per container. As required, wild and GSS males were marked by applying a small spot of enamel (ÔDeka ColorÕ) to the mesonotum. Flies were released at the peak of sexual activity, i.e., 5Ð9 and 9 Ð12 d for laboratory and wild ßies, respectively.
Field Cages. Field cages were cylindrical (3 m in diameter and 2 m in height) and made of a netted screen; they were suspended from the ceiling of a well-ventilated greenhouse, overlaid by a dark green shading material to abate the greenhouse effect. The environmental conditions in the greenhouse, with respect to relative humidity and temperature were autorecorded every 10 min by a thermohydrograph (Cole-Parmer Instrument Co., Vernon Hills, IL). Two or three potted citrus (orange) plants, Ϸ2 m in height, were placed in the center of the two cages. The environmental conditions prevalent in the glasshouse throughout the testing period were well within the range conducive to Mediterranean fruit ßy mating activities. The temperature averaged 18ЊC at 0700 hours and 30ЊC at 1200 hours, and relative humidity 74 and 47%. Recorded minimum and maximum values were 15.3 and 37.7ЊC for ambient temperature, 24.1 and 84.4% for relative humidity.
Mating Tests with GSS and Sr

2
. Sexual Compatibility Tests. Thirty test males, either Sr 2 -GSS or Vienna 7, were released along with 30 Guatemala males and 60 Guatemala females. The indicator for the compatibility between GSS males and wild females used in this experiment was the isolation index (ISI) (Cayol et al. 1999) ; it is expressed as the difference between homotypic (i.e., wild ϫ wild) and heterotypic (i.e., GSS ϫ wild) matings over the total number of copulations. The ISI ranges from Ϫ1 (negative assortative mating) to ϩ1 (positive assortative mating or total sexual isolation). In addition, "three-strain" tests were conducted, where 20 males of each strain, Guatemala, Sr 2 -GSS and Vienna 7, were released into the same cage along with 60 Guatemala females. The respective proportions of the two types of heterotypic matings (Sr 2 -GSS ϫ Guatemala and Vienna 7 ϫ Guatemala) were compared to assess the performance of the two GSS.
Mating Competitiveness Tests. Thirty males, either Sr 2 -GSS or Vienna 7, were released along with 30 Guatemala males and 30 Guatemala females. The relative sterility index (RSI) (McInnis et al. 1996) , expressed as the proportion of heterotypic matings (i.e., copulations between GSS males and wild females) among the total number of matings, was used as a measure of performance of GSS males relative to wild competitors. The RSI ranges between 0 and ϩ1, with an equilibrium value of 0.5, representing an equal mating performance of the two strains (Cayol et al. 1999) . For the three-strain test, 20 males of each strain, Guatemala, Sr 2 -GSS and Vienna 7, were released together with 20 Guatemala females. In addition, one set of three-strain mating competitiveness tests was run with Madeira males (20) and females (20), released along with 20 Sr 2 -GSS and 20 Vienna 7 males. Five replicates were run of each of the above-mentioned six tests. Marking of male ßies for identiÞcation purposes was randomized for the two-strain tests. In the three-strain protocols, the males of both GSS were marked in each test, each strain with a different color; wild males were unmarked.
Mating Tests with Sr 2 and EgII. Fifty ßies of each sex for both EgII and Sr 2 were released in this test, which was replicated Þve times. Again, the mating indices as deÞned by Cayol et al. (1999) were used to describe the behavior of the two strains. The ßies were not marked for this test because the two strains could be differentiated phenotypically.
In all tests, male ßies were released into the Þeld cages during May through June between 0700 and 0730 hours, that is, 30 min before the release of females, to be given a period of time sufÞciently long to adapt to the new environment, disperse, and establish territories (Prokopy and Hendrichs 1979) . Tests lasted 4 h and were thus terminated between 1100 and 1130 hours. Throughout the entire testing period, copulating pairs were counted and removed by collecting them into glass vials (26 ml). Subsequently, the identity of the male mates (i.e., with respect to the strain to which they belong) was determined. Flies that had mated were not released back into the Þeld cage, nor were they replaced. According to established practice, the proportion of ßies mating in the cage must be at least 0.2 for meaningful results to be obtained (IAEA/ FAO/APHIS 1999).
Statistical Analysis of Mating Tests. For the threestrain tests, the KruskalÐWallis one-way nonparametric analysis of variance (ANOVA) was used to test for differences in the proportions of matings scored by Sr 2 -GSS versus Vienna 7 males across the three experiments conducted with different densities of Guatemala or Madeira females, thus assessing the overall performance of the Sr 2 -GSS in relation to Vienna 7. Paired t-tests were then run to compare proportions of matings achieved by the two types of males for each three-strain experiment separately. This test also was applied to the results of the bisexual strain-compatibility experiment to compare copulatory success of Sr 2 versus EgII males. For the two-strain tests, StudentÕs t-tests were used to test for differences between the mean ISI or RSI values achieved by Sr 2 -GSS and Vienna 7 males.
The assumptions underlying the above-mentioned tests were validated beforehand to ensure suitability of the test for the respective data sets. The proportions of matings, RSI, and ISI were arcsine transformed for statistical analysis, because these are proportional data. All statistical analyses were performed by use of Statistix for Windows, version 2.2. ) . Males, at the same frequency, also were observed that display only 2.5 stripes, but these could be easily discriminated from Sr 2ϩ ßies.
Results
Fitness and Penetrance of Sr
Isolation of the Sr
2
-GSS. Sr 2 was linked to the maledetermining Y chromosome by irradiating male Sr 2 pupae 1 d before emergence with 42 Gy. The offspring of 100 individual F1 males were screened for pseudolinkage between the marker and sex. A single male with this characteristic was detected and used to start the strain T(Y;5)CC59. The structure of the translocation was determined cytologically. Only the Þfth chromosome is involved in the translocation and the breakpoint is at 58B on the trichogen polytene map (Fig. 2) .
Segregation of Sr
2
-GSS. Genetic analysis shows that Sr 2 -GSS produces Ϸ12% of males from adjacent-1 segregation and that they have the w wp ϩ Sr 2 phenotype. Because these males are genetically unbalanced they have reduced Þtness, and the majority emerge only partially or the adults are crippled (Table 2) . From these data, it can be deduced that the position of the Y-chromosomal breakpoint lies between the Maleness factor and the tip of the long arm of the Y chromosome (Willhoeft and Franz 1996) . (Fig. 3) and 60D on the trichogen map (Fig. 4) . Therefore Sr 2 maps distal to wp and very close to the tsl locus on chromosome 5 . This is shown schematically in Fig. 2 . The location of Sr 2 between wp and tsl, but very close to tsl, is very fortuitous because it enables an extra level of security to be introduced in the Þlter rearing system. By including Sr 2 in the GSS, recombinant females that are still wp but are temperature resistant, i.e., tsl ϩ , can be identiÞed as they will carry the Sr 2 mutation. Normally this type of female can only be identiÞed using a difÞcult temperature screening system. Field Cages. Mating Propensity. The lowest proportion of ßies mating in any one test was 0.400, the highest 0.867; the mean mating propensity index ranged from 0.450 (Ϯ0.050) to 0.780 (Ϯ0.088). This high general mating activity is indicative of the suitability of both the ßies and the environmental conditions for all the tests.
Assessment of Mating Compatibility of Sr 2 and EgII
Strains. This initial test was carried out to simply assess whether the mutation itself has any impact on the ability of the ßies to mate. The ISI was 0, indicating random mating between the two strains; the RSI was 0.480 (Table 3) , showing that nearly 50% of the EgII females mated with Sr 2 males. The paired t-test re- vealed no statistically signiÞcant differences in the numbers of matings achieved by Sr 2 versus EgII males (t ϭ 0.37, df ϭ 7, P Ͼ 0.05). Both types of males showed equal propensity of mating with EgII females (t ϭ 0.42, df ϭ 3, P Ͼ 0.05) (Fig. 5) .
Two-Strain Tests with GSS. The ISI and RSI determined for Sr 2 -GSS and Vienna 7 males in the sexual compatibility and mating competitiveness tests are summarized in Table 3 . The mean ISI values were 0.355 and 0.311, respectively, indicating fairly random mating (and, thus, sexual compatibility) between both GSS and the wild population, yet showing a slight tendency for homotypic (i.e., wild ϫ wild) matings; this is expected, because wild males are commonly more successful in copulating with wild females than males of laboratory strains. StudentÕs t-test did not detect a statistical difference between the mean ISI of Three-Strain Tests with GSS. The mean proportions of matings achieved by GSS males in the three-strain tests are shown in Table 3 . The KruskalÐWallis one- -GSS versus Vienna 7 males to hold true in the two sexual competitiveness tests with Guatemala and Madeira ßies (t ϭ 1.41, df ϭ 4, P Ͼ 0.05 and t ϭ 0.20, df ϭ 4, P Ͼ 0.05, respectively); both Sr 2 -GSS and Vienna 7 males competed successfully for wild females at low density. With respect to the sexual compatibility test, however, Sr 2 -GSS males seemed to be signiÞcantly more successful (paired t-test; t ϭ 4.97, df ϭ 4, P Ͻ 0.01) in mating with Guatemala females than their Vienna 7 competitors in a situation where each male had an equal opportunity to copulate with a female, i.e., at high female density.
Discussion
The results presented in this article provide a promising indication that the Sr 2 mutation may be of use as a phenotypic marker in Mediterranean fruit ßy SIT programs for the identiÞcation of sterile males in the Þeld, and for the identiÞcation of aberrant phenotypes in the Þlter rearing system. The dominant mutation was mapped to chromosome 5. Fortuitously, this is the chromosome that carries the markers wp and tsl, which have been used to construct a GSS . Sr 2 has now been incorporated into a new GSS and the behavior of the mutation during mass rearing is being assessed (G.F. and C.C., unpublished data). The results obtained in the Þeld-cage tests are indicative of a comparable mating performance of strains containing Sr 2 compared with wild-type strains or other GSS. In four of the Þve testing protocols, the mean proportions of matings achieved by Sr 2 -GSS and Vienna 7 with wild females did not deviate from each other signiÞcantly and were within the range commonly found in mass-reared Mediterranean fruit ßy strains. In one experiment only (three-strain sexual compatibility), a signiÞcant difference between the two GSS was determined, with Sr 2 -GSS males scoring higher numbers of matings than their Vienna 7 competitors. The Þeld-cage data presented in this article are consistent with other studies relating to the sexual behavior of mass-produced Mediterranean fruit ßy strains. Hendrichs et al. (1996) found a moderately lower mating competitiveness in males of a massreared GSS (Vienna-42) than in wild males when competing for wild females in Þeld cages in Greece (RSI ϭ 0.386). Similarly, Cayol et al. (1999) demonstrated a slightly reduced, but reasonable ability of GSS (SEIB 6-96) males to copulate with wild females in competition with wild males under Þeld cage conditions in Argentina (RSI ϭ 0.264); the ISI in this same study was found to be 0.309, indicating random mating with a slight tendency toward homotypic matings. In general, Mediterranean fruit ßy GSS show an equivalent competitiveness to any mass reared bisexual strain.
In Þeld applications, the ability of males of mass-produced GSS to compete successfully for and copulate with wild females in the presence of wild males, as observed equally for Sr 2 -GSS and Vienna 7 males in this study, presupposes the behavioral capacity of the mass-reared ßies to penetrate natural lek systems and exhibit an adequate courting ability. Success of any SIT suppression or eradication program hinges upon the fulÞllment of the latter two criteria; the Þndings of this study thus seem to warrant the assumption that males of a novel Sr 2 GSS will, once released, perform adequately in the Þeld. No adverse effects of the incorporation of the third mutation, Sr 2 , into a GSS on the behavioral quality of male Mediterranean fruit ßy were detectable in this study, and as a result their use in SIT programs may be plausible. However, this study only provides the Þrst strong indication of a satisfactory behavioral quality of Mediterranean fruit ßy strains carrying Sr 2 ; further Þeld cage evaluation at facilities in other locations remains to be conducted to support the data presented.
